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Abstract 37 

Purpose: Heart rate variability (HRV) is a popular tool for monitoring 38 

autonomic nervous system status and training adaptation in athletes. It 39 

is believed that increases in HRV indicate effective training 40 

adaptation, but these are not always apparent in elite athletes. 41 

Methods: Resting HRV was recorded in 4 elite rowers (Rower A, B, 42 

C and D) over the 7-week period prior to 2015 World Rowing 43 

Championship success. The natural logarithm of the square root of the 44 

mean sum of the squared differences between R–R intervals (Ln 45 

rMSSD), Ln rMSSD:R-R ratio trends, and the Ln rMSSD to R-R 46 

interval relationship were assessed for each champion-winning rower.  47 

Results: The time course of change in Ln rMSSD was athlete-48 

dependant, with stagnation and decreases apparent. However, there 49 

were consistent substantial reductions in the Ln rMSSD:R-R ratio, 50 

Rower A: baseline towards week 5 (-2.35 ±1.94); Rower B baseline to 51 

week’s 4 and 5 (-0.41 ±0.48; -0.64 ±0.65 respectively); Rower C 52 

baseline to week 4 (-0.58 ±0.66); Rower D baseline to week’s 4, 5 and 53 

6 (-1.15 ±0.91; -0.81 ±0.74; -1.43 ±0.69 respectively).  Conclusion: 54 

Reductions in Ln rMSSD concurrent with reductions in the Ln 55 

rMSSD:R-R ratio are indicative of parasympathetic saturation. As 56 

such, 3 of 4 rowers displayed substantial increases in parasympathetic 57 

activity despite having decreases in Ln rMSSD. These results confirm 58 

that a combination of indices should be used accordingly to monitor 59 

cardiac autonomic activity. 60 

Introduction 61 

The routine measurement of heart rate variability (HRV) to monitor 62 

wellness and athletic “readiness to perform” has grown in popularity 63 

over the last decade.1,2 Companies including Omegawave™ and 64 

various smartphone applications (e.g., ithlete, BioForce HRV, 65 

HRV4training, Elite HRV, Sweetbeat) have popularised HRV, 66 

permitting accessibility of HRV measurement to not only athletes, but 67 

all individuals interested in monitoring cardiac autonomic nervous 68 

system status. The need to effectively monitor both maladaptive and 69 

positive adaptations to training is of upmost importance to the elite 70 
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athlete, who always push the boundary between functional (adapting 71 

positively) and non-functional overreaching. 3 72 

With respect to the elite athlete however, HRV interpretation must be 73 

more carefully considered.4 As we have shown, interpretation of 74 

changes in HRV must consider the parasympathetic saturation effect 75 

and the Ln rMSSD to R-R interval relationship.4 Indeed, 76 

parasympathetic saturation is a frequent occurrence in elite athletes, 77 

who typically display low resting heart rates (RHR, ~<50 bpm) due to 78 

high vagal tone.5 Without appreciation of the saturation phenomenon 79 

however, HRV interpretation is misleading and often false.6 80 

It can be assumed that athletes winning on the world stage do so with 81 

ideal preparation.7 However, real-life longitudinal data in elite 82 

athletes, particularly those at the peak of their physical condition 83 

leading into pinnacle events, including world championships and 84 

Olympic Games, are particularly rare. Such examples may allow 85 

benchmarks for practitioners and coaches to help guide effective 86 

practice towards pinnacle performances.  87 

In this study, daily morning resting HRV was monitored in 4 elite 88 

rowers during the 7-week training period prior to the 2015 Rowing 89 

World Championships; all athletes became world champions, winning 90 

their respective events in three separate boat classes. The aim of this 91 

observational study was to showcase the HRV trends occurring during 92 

the critical training lead-in period in these athletes. As with our 93 

previously reported work,4 we confirm that athletes undergoing heavy 94 

training loads in the period leading into major event competition may 95 

experience increases or decreases in Ln rMSSD, but that the 96 

interpretation of its meaning (functional vs. non-functional) depends 97 

upon its relationship with the R-R interval and the associated 98 

saturation response. 99 

 100 

 101 

   102 

Methods 103 
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Participants 104 

Four lightweight rowers, 3 female (body weight: 59.0 ±0.9 kg; height: 105 

166.7 ± 2.1 cm; VO2max: 61.7 ±1.7 ml.kg.min-1) and 1 male (body 106 

weight: 72 kg; height: 185 cm; VO2max: 72.3 ml.kg.min-1) across three 107 

boat classes were monitored for a 7-week period prior to the 2015 108 

World Rowing Championships in Aiguebelette, France. All athletes 109 

agreed to take part in the day-to-day monitoring activities that are 110 

routinely performed as members of the National New Zealand Rowing 111 

Team. The publication of these data were approved by the human 112 

research ethics committee of AUT University. 113 

Training 114 

All athletes received their training plan from the same rowing coach. 115 

As such, training content was similar for each rower. Training 116 

consisted of 11 on-water rowing sessions and 1 indoor ergometer 117 

(Concept II) rowing session each week. The training microcycles 118 

during this period can be seen in Figure 1 and were comprised of 1 119 

light week of training, 4 weeks of overload training, followed by a 2-120 

week taper. One rower (Rower A, Figure 1) also competed at the U23 121 

World Rowing Championships and joined the training group 1 week 122 

later. As such, this rower carried out 1 light training week, 3 overload 123 

training weeks and a 2-week taper. 124 

All training sessions were monitored using the Garmin 910xt system 125 

(Garmin Ltd, Southampton, United Kingdom) which records heart rate 126 

(via ANT+ heart rate chest strap), rowing distance and rowing speed 127 

(via global positions systems) onto a wrist watch. Training volume, 128 

training distance and training intensity distribution was monitored 129 

using Trainingpeaks.com (TrainingPeaks.com, Boulder, Colorado). 130 

The demarcation of individual heart rate training zones (in order to 131 

describe training intensity distribution) was achieved using a 7 x 4-min 132 

step-test which was carried out during week 1 of a four week meso-133 

cycle after a recovery week. Time in training zones were categorised 134 

as the time accumulated below the first lactate threshold (<LT1), time 135 

accrued between the first and second lactate thresholds (LT1-LT2) and 136 

time training above the second lactate threshold (>LT2), as described 137 

previously.8 138 
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Heart rate recordings 139 

Heart rate was measured upon waking using the Polar Bluetooth H7 140 

heart rate sensor and HRV was determined via the R-R series recorded. 141 

Rowers were instructed to leave the HR monitor electrode strap by 142 

their bedside each evening to ensure minimum disturbances when 143 

applying the apparatus. After a 30 second stabilization period, HR was 144 

captured for 1 min9 in a supine position via an in-house built iPhone 145 

app (Igtimi HRV). Respiration rate was not controlled. R-R intervals 146 

were recorded at a rate of 250 Hz and the log-transformed square root 147 

of the mean sum of the squared differences between R-R intervals (Ln 148 

rMSSD) was calculated. Data was automatically sent from the 149 

smartphone device to the sport scientist for analysis once the recording 150 

was completed. HRV analysis was limited to rMSSD since it reflects 151 

vagal activity10 and has greater reliability as an index of HRV than 152 

other spectral indicators11 particularly during ‘free-running’ 153 

ambulatory conditions.12 The R-R-to-Ln rMSSD ratio4 and average 154 

resting heart rate (RHR) was also calculated. Ln rMSSD was averaged 155 

over a 1-week period, as this has been shown to provide a superior 156 

representation of training status.13-16 If athletes achieved less than 3 157 

HRV recordings in a week, the data point was removed from the 158 

overall analysis.17 The individual Ln rMSSD interval to R-R 159 

relationship was also considered for each rower.18 This was carried out 160 

by plotting the daily 1-min average of the R-R intervals against Ln 161 

rMSSD. 162 

Heart rate variability data processing and filtering 163 

For practicality and efficiency, HRV data was filtered for errors and 164 

ectopic beats via the smartphone application. This was performed by 165 

first extracting R-R values that differed by more than 75% from the 166 

previous value, after which the median R-R interval was then 167 

calculated. From this median, the minimum and maximum beat 168 

duration were then set at 0.6 and 1.4, respectively. The longest 169 

consecutive run of R-R intervals that were within this minimum and 170 

maximum duration were then found, and Ln rMSSD was then 171 

calculated. The result was only considered valid if the run lasted ≥ 30 172 

seconds. This process avoids over-correcting, a problem of the widely 173 
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employed removal of consecutive RR intervals differing by more than 174 

25%19 for individuals with very high beat-to-beat variability. In house 175 

testing revealed near perfect (r = 0.99) correlations between these 176 

methods and electrocardiograph. These differences are also similar to 177 

what has been reported by other applications that assess HRV via 178 

Smartphone applications.20 179 

Statistical analysis 180 

Individual weekly data are presented as means (Monday to Sunday) 181 

and 90% confidence limits (CL) unless otherwise stated. Individual 182 

baseline HRV was established during the first light week of training 183 

(Figure 1). Within-rower baseline-to-week differences in HR-based 184 

variables were expressed as standardised mean differences, or effect 185 

sizes (ES), and assessed using a magnitude of change approach.21 The 186 

following threshold values for ES statistics utilized were ≤0.2 (trivial), 187 

>0.2 (small), >0.6 (moderate), >1.2 (large), and >2.0 (very large). The 188 

smallest worthwhile change (SWC) 22 in Ln rMSSD and RHR from 189 

baseline was deemed as 0.5 of the individual baseline coefficient 190 

variation (CV)4,14 and 2%, respectively.2 Quantitative chances of either 191 

higher or lower Ln rMSSD and RHR values versus baseline were also 192 

evaluated qualitatively as follows: 25-75% possibly, 75-95% likely, 193 

95-99% very likely, >99% almost certain. If the chance of higher or 194 

lower differences was >5%, then the true difference was assessed as 195 

unclear. To analyse the day-to-day variation of within-rower HRV 196 

values, the weekly CV (%) was calculated.14 197 

Results 198 

All 4 athletes completed their prescribed training plans without 199 

disturbance from either illness or injury. All athletes recorded at least 200 

3 HRV recordings per week (average number of weekly HRV 201 

recordings = 6.04 ± 0.23) or more during the monitoring period,17 so 202 

no data points were removed from the analysis. All the athletes became 203 

world champions winning their respective boat classes.  204 

Training 205 
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Average weekly training hours over the 7-week period was 13 hr, 7 206 

min ± 32 min, including 121 ± 7 km of on-water rowing. The training 207 

intensity distribution for each rower is shown in Table 1. 208 

Heart rate based variables 209 

The individual weekly % differences in Ln rMSSD and RHR values 210 

from baseline are shown in Table 2 and Figure 1.  211 

Within-rower % differences and 90% CL for both Ln rMSSD, Ln 212 

rMSSD:R-R ratio and RHR from baseline are shown in Figure 2, and 213 

Table 2. For Ln rMSSD, Rower A revealed a large reduction from 214 

baseline to week 2 and Rower D showed moderate reductions from 215 

baseline to weeks 4 and 6. All other values for Rowers B and C were 216 

deemed unclear. For the Ln rMSSD:R-R ratio, all rowers displayed a 217 

substantial decrease at some point during the 7-week period. Rower A 218 

expressed large decreases from baseline towards week 5 and Rower B 219 

had small and moderate decreases from baseline to weeks 4 and 5. 220 

Rower C displayed a small decrease from baseline to week 4. Rower 221 

D revealed large, moderate and large decreases from baseline to weeks 222 

4, 5 and 6 (Figure 2). 223 

The Ln rMSSD-to-R-R interval relationship collected over the entire 224 

period is also shown in Figure 3. Here, Rowers A and B display a 225 

“linear” Ln rMSSD-to-R-R interval pattern, while Rowers C and D 226 

show a “low-correlated” relationship 18. 227 

Discussion 228 

The aim of this observational study was to showcase HRV trends, and 229 

therefore the unique HRV characteristics of elite rowers prior to peak 230 

performance. By using practical examples of HR-derived indices 231 

leading towards elite athlete success, we hoped to highlight critical 232 

considerations for HRV assessment for sports scientists and coaches 233 

adjusting training using HRV. 234 

It is becoming increasingly clear that heightened cardiac 235 

parasympathetic activity during overload periods of training are 236 

associated with functional overreaching during an overload period of 237 

training in both the laboratory13,16 and the field.4,23 Further, subsequent 238 
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decreases in HRV appear associated with readiness to perform and 239 

ideal competitive performance after a period of reduced training (i.e. 240 

taper).  For example, Le Meur et al. 13 showed that increases in HRV 241 

during an overload training period were associated with increased 242 

fatigue and decreased performance. In this study however, all athletes 243 

then improved after a taper period, coinciding with the HRV returning 244 

towards baseline values. The authors suggested that this trend may 245 

have been a sign of functional training adaptation and part of the super-246 

compensation cycle. Indeed, a recent meta-analysis by Bellenger et al. 247 

24 concludes that increases in vagal-related indices of resting HRV are 248 

evident when functional overreaching has occurred, and may 249 

contribute to enhanced performance when the training load is reduced.  250 

In the current study, it is apparent that for two of these world champion 251 

rowers (C and D), the exact converse may be true when referencing Ln 252 

rMSSD alone. Figure 2 shows how for both Rower’s C and D, their Ln 253 

rMSSD values fell below the individual SWC threshold on 3 and 2 254 

occasions, respectively, during the heavy training period prior to 255 

winning the 2015 Rowing World Championships. Whilst recognising 256 

that Rower C had “unclear” changes in the HRV, with specific 257 

reference to HRV guided training, confidence limits/intervals are not 258 

generally used in the field to inform day-to day training decisions. 25,26 259 

As such, practitioners in the field may alter training based on these 260 

changes. 261 

The fact that these athletes still produced optimal performances with 262 

low Ln rMSSD through the loading period to win the World 263 

Championships is contradictory to what has been reported 264 

previously.4,13,16 Indeed, such reductions in rMSSD have previously 265 

been associated with negative training adaptation in the case of NFOR 266 

and underperformance.14 The reason for these differences may be due 267 

to the individual relationships between cardiac parasympathetic 268 

activity and R-R interval length (Figure 3). For example, Rowers A 269 

and B display “linear” Ln rMSSD to R-R interval correlations, while 270 

Rowers C and D display “low-correlated” behaviour.18 The lack of 271 

correlation between the R-R interval and Ln rMSSD indicate that these 272 

athletes (C and D) are more likely to undergo parasympathetic 273 

saturation,4 and explains the low Ln rMSSD values despite likely high 274 
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parasympathetic tone (as inferred from low RHR).28 In the case of 275 

rower D (Figure 2), it is apparent during weeks 4 and 6 that likely 276 

decreases in Ln rMSSD are associated with concomitant likely 277 

decreases in RHR and the Ln rMSSD: R-R ratio, which is indicative 278 

of parasympathetic saturation.4 In the case of athlete C, although all 279 

changes in Ln rMSSD were deemed unclear, there was a likely 280 

decrease in RHR and Ln rMSDD: R-R interval during weeks 2 and 3 281 

respectively. Indeed an 11% decrease in Ln rMSSD (Table 2, week 2 282 

and 3) would likely be cause for concern for most practitioners. 283 

However, this rower’s RHR was also the lowest amongst the group 284 

(RHR = 38 ± 3). As such, when vagal tone is high, parasympathetic 285 

modulation (HRV) is reduced.5 Accordingly in such circumstances, 286 

reductions in HRV are not indicative of increases in sympathetic 287 

activity, but in fact reveal the opposite (increases in parasympathetic 288 

tone).29 289 

We have shown previously how changes in parasympathetic saturation 290 

can be tracked using either the Ln rMSSD:R-R interval ratio or RHR 291 

alongside Ln rMSSD prior to sub-optimal performance (i.e. negative 292 

training adaptation).4 However, for the first time in this study, we 293 

demonstrate how these variables can also change during positive 294 

adaptation to training. In this context, parasympathetic tone is likely 295 

maintained and/or increased. As such, the expected increases in Ln 296 

rMSSD4,13,16 (a measure of vagal modulation) were blunted by the high 297 

levels of vagal tone and parasympathetic saturation in the case of 298 

athlete’s C and D. This was not the case in athletes A and B who 299 

display more linear relationships.  300 

Data from the present study allow us to appreciate how a more holistic 301 

approach to HRV interpretation is needed when monitoring athletes; 302 

one that is inclusive of a variety of HR-derived indices.  Monitoring 303 

methods involving HRV indices that include the Ln rMSSD, Ln 304 

rMSSD:R-R interval ratio and RHR, may together allow for accurate 305 

diagnosis of training status. Furthermore, other metrics such as 306 

wellness questionnaires and counter movement jumps (neuromuscular 307 

status) may also be beneficial to monitor athletes as effectively as 308 

possible.2,16 It should also be noted that increases in vagal activity are 309 
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not always indicative of improved competitive performance, but rather 310 

positive adaptation to the training stimulus. In most cases, HR-derived 311 

indices either returned to baseline values, or displayed reduced cardiac 312 

parasympathetic activity during competition week. For example, 313 

Rowers C and D had likely and very likely increases in RHR in week 314 

7 from baseline (Table 2). This again is in agreement with what has 315 

been reported previously,4,13,16,23 where HRV tends to decline during 316 

taper periods. Such decreases in parasympathetic activity may allow 317 

for superior cardio-acceleration (and potentially heightened 318 

sympathetic nervous system arousal) during exercise, thereby 319 

contributing to enhanced oxygen delivery and exercise performance.30 320 

With respect to Rower’s A and B, Rower A shows a substantially 321 

decreased Ln rMSSD during week 2, but then remained stable 322 

throughout the training period from that point on. However, this athlete 323 

competed in the Under 23 world rowing championships and then 324 

travelled to the training location. Given the incoming HRV data, 325 

training was subsequently altered (a reduction in high intensity) during 326 

week 2 to allow HRV values to return to baseline. Conversely, Rower 327 

B’s Ln rMSSD remained within the SWC for the entire training period. 328 

Interestingly, Rower B had acquired the longest training history (the 329 

only rower of the 4 who also competed at the London Olympics).  We 330 

can speculate that the reason for this stagnation in Ln rMSSD change 331 

may be due to attainment of a plateau in the cardiovascular training 332 

stimulus, whereby training may have been insufficient to induce the 333 

same vagal-activity adaptation as Rowers A, C and D. 334 

The occurrence of parasympathetic saturation can indeed be an added 335 

complication when using HRV as a monitoring tool. It has been 336 

suggested that collecting HRV samples during upright sitting,31 or 337 

standing32 may eliminate this problem. However in some athletes, 338 

HRV data collected in the upright position does not always eliminate 339 

parasympathetic saturation,26 and for the practitioner, daily 340 

compliance (in terms of HRV data collection) is important.2 It has been 341 

observed that standing (and supine-to-standing) postures result in 342 

vastly reduced athlete compliance with critical daily data points often 343 

being missed (DJP personal observation).  344 
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It has been recently suggested that the use of spectral analysis and 345 

supine-to-standing procedures may offer a superior methodology for 346 

tracking adaptation to training33  compared with the simpler method of 347 

rMSSD assessment alone from supine collection.2,4 The suggested 348 

method by Schmitt et al33 consists of a 30-min long procedure (15-min 349 

rest, 8-min supine and 7-min standing). However, it is unlikely that 350 

elite athletes or otherwise would commit to such a daily task despite 351 

the suggested greater sensitivity. Due to the relative ‘noise’ of all 352 

vagal-related indices of HRV,11 regular daily recordings and 353 

compliance are fundamentally important. Such regular data points 354 

allow for more accurate analysis to be presented in the form of weekly 355 

and rolling averages. Importantly, the data collected for the present 356 

study was completed using just 1-minute samples, which again 357 

increases athlete compliance dramatically.9 This occurrence reduces 358 

‘noise’14,15 allowing for improved certainty around training decisions 359 

made by coaches or sport scientists.2   360 

Practical Application 361 

Increases in vagal-related activity during an overload period of 362 

training are believed to be associated with functional overreaching and 363 

subsequent peak performance23 when the training load is reduced. 364 

However, when analysing such changes, practitioners must also 365 

consider the athlete’s individual relationship between the Ln rMSSD 366 

and R-R interval and simultaneously track Ln rMSSD, the Ln rMSSD: 367 

R-R interval ratio and RHR. In some circumstances, such as vagal 368 

saturation, decreases in cardiac parasympathetic indices of HRV 369 

during this particular training phase can be related to positive 370 

performance outcomes and consequently reductions in HRV, so 371 

should not be viewed negatively. Importantly, practitioners should 372 

also consider the type of athlete (endurance vs. team sport),34 their Ln 373 

rMSSD and R-R interval relationship18 and the phase/type of training 374 

that is currently being performed (i.e. polarised endurance training or 375 

higher intensity repetition training). 376 

Conclusion 377 

These data add further support for the use of HRV as a monitoring tool 378 

to objectively track positive responses to training in athletes, with the 379 
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caveat that the unique athlete characteristics are appropriately 380 

considered. 381 
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 496 

Figure Legends 497 

Figure 1. The basic training load of rower A (top panel) and rowers 498 

B, C and D (lower panel) during the 7 week training period. The white 499 

patterned bars represent a light week of training where the individual 500 

HRV baseline was established. The grey bars represent the heavy 501 

“overload” periods of training. The black bars represent the two weeks 502 

of taper prior to the World Rowing Championships. Data are presented 503 

as a % of the squad’s standard training load. 504 

Figure 2. Changes in the natural logarithm of the square root of the 505 

mean sum of the squared differences between R–R intervals (Ln 506 

rMSSD) with 90 % confidence intervals (CI) and the Ln rMSSD to R–507 

R interval ratio for Rowers A, B, C and D during the 7-week training 508 

period prior to the 2015 World Rowing Championships. Black circular 509 

symbols indicate the weekly average values for Ln rMSSD and 510 

triangular symbols indicate the Ln rMSSD to R–R interval ratio. The 511 

grey shaded area indicates the individual smallest worthwhile change 512 

(SWC) in Ln rMSSD (see methods); if the 90 % CI overlap positive or 513 

negative SWC thresholds the change is deemed unclear. *=“possible” 514 

and **=“likely” ***= “very likely” changes in Ln rMSSD. # = small, 515 

## = moderate, ### = large change in Ln rMSSD: R-R ratio. 516 

 517 

Figure 3. The relationship between the R-R interval length and the 518 

natural logarithm of the square of the mean sum of the squared 519 

differences between R-R intervals (Ln rMSSD) in Rowers, A, B, C 520 



15 
 

and D. Rower A and B, with higher resting heart rates have correlated 521 

relationships (R = 0.66 and 0.80) between Ln rMSSD and R-R interval 522 

length. Comparatively Rowers C and D, with lower resting heart rates, 523 

have low-correlated relationships (R = 0.00 and 0.09). 524 

 525 
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Figure 1. The basic training load of rower A (top panel) and rowers B, C and D (lower panel) during the 7 
week training period. The white patterned bars represent a light week of training where the individual HRV 
baseline was established. The grey bars represent the heavy “overload” periods of training. The black bars 

represent the two weeks of taper prior to the World Rowing Championships. Data are presented as a % of 
the squad’s standard training load.  
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Figure 2. Changes in the natural logarithm of the square root of the mean sum of the squared differences 
between R–R intervals (Ln rMSSD) with 90 % confidence intervals (CI) and the Ln rMSSD to R–R interval 

ratio for Rowers A, B, C and D during the 7-week training period prior to the 2015 World Rowing 
Championships. Black circular symbols indicate the weekly average values for Ln rMSSD and triangular 

symbols indicate the Ln rMSSD to R–R interval ratio. The grey shaded area indicates the individual smallest 
worthwhile change (SWC) in Ln rMSSD (see methods); if the 90 % CI overlap positive or negative SWC 
thresholds the change is deemed unclear. *=“possible” and **=“likely” ***= “very likely” changes in Ln 

rMSSD. # = small, ## = moderate, ### = large change in Ln rMSSD: R-R ratio.  
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Figure 3. The relationship between the R-R interval length and the natural logarithm of the square of the 
mean sum of the squared differences between R-R intervals (Ln rMSSD) in Rowers, A, B, C and D. Rower A 
and B, with higher resting heart rates have correlated relationships (R = 0.66 and 0.80) between Ln rMSSD 

and R-R interval length. Comparatively Rowers C and D, with lower resting heart rates, have low-correlated 
relationships (R = 0.00 and 0.09).  
143x304mm (300 x 300 DPI)  
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 % time spent 

<LT1 

% time spent 

LT1-LT2 

% time spent 

>LT2 

Rower A 84 9 8 

Rower B 84 13 3 

Rower C 68 24 8 

Rower D 68 27 5 

 

Table 1. Training intensity distribution between for Rowers A, B, C and D during the 7-week 

training period. Percent of time training below the first lactate threshold (<LT1), between the 

first and second lactate thresholds (LT1-LT2) and above the second lactate thresholds (>LT2) 

are shown. 
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Rower Weeks % diff 

Ln 

rMSSD  

90% CL Inference Outcome % diff Ln 

RHR 

90% CL Inference Outcome 

 

 

A 

1-2 -8.3 5.5 1/2/96 V.likely decrease 5.6 5.1 91/7/2 Likely increase 

1-3 2.7 5.1 65/29/6 Unclear -6.2 9.8 8/12/80 Unclear 

1-4 -0.4 3.3 12/68/20 Unclear -5.4 4.9 2/8/90 Likely decrease 

1-5 0.4 3.5 21/67/12 Unclear -9.1 13.7 8/8/84 Unclear 

1-6 -0.8 4.6 14/52/84 Unclear -4.2 6.6 6/18/75 Unclear 

          

 

 

B 

1-2 2.2 18 42/32/26 Unclear -4.2 12 17/18/65 Unclear 

1-3 0.3 9.7 24/55/21 Unclear -0.4 3 8/76/16 Unclear 

1-4 -1.7 8.9 13/54/33 Unclear -0.4 7.6 27/39/34 Unclear 

1-5 0.3 15 32/38/29 Unclear -3.6 14 23/18/59 Unclear 

1-6 -0.8 6.2 9/72/18 Unclear -0.8 6 19/46/35 Unclear 

1-7 -0.4 8.1 17/62/21 Unclear 3.3 6.3 66/27/7 Unclear 

          

 

 

C 

1-2 -11.1 19.9 7/30/63 Unclear 3.9 6.5 71/23/6 Unclear 

1-3 -11.1 20.1 7/30/63 Unclear -6.4 7.2 4/10/86 Likely decrease 

1-4 2.3 13.7 21/70/9 Unclear -3.6 8.4 12/23/65 Unclear 

1-5 0.4 12.9 13/72/15 Unclear -2.7 7.9 15/28/57 Unclear 

1-6 -8.8 31.2 16/31/53 Unclear 0.7 13.3 42/25/33 Unclear 

1-7 1.5 22.6 29/50/21 Unclear 8.2 5 97/2/1 Very likely increase 

          

 

 
D 

1-2 0.4 5 21/64/15 Unclear -3.1 5.9 8/28/64 Unclear 

1-3 -2 6 11/40/45 Unclear 2-5 9.3 50/29/21 Unclear 

1-4 -5.5 5.5 2/14/84 Likely decrease -5.2 5.5 2/12/85 Likely decrease 

1-5 -1.9 5.8 10/48/42 Unclear -5.4 5.4 2/11/87 Likely decrease 

1-6 -5 4.2 1/14/85 Likely decrease -8.3 3.4 0/1/99 Very likely decrease 

1-7 -2.5 12.7 21/28/50 Unclear 9.1 5 98/11/1 Likely increase 
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Table 2: Percentage changes and ±90% confidence limits (CL) with qualitative chances of substantial differences for the log-transformed square root of the 

mean sum of the squared differences between R-R intervals (Ln rMSSD) and resting heart rate (RHR) during the training period. Percentage changes are 

compared from baseline (week 1) to weeks 2, 3, 4, 5, 6 and 7.  
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